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y^-y°Gi : f 1— f 1- U/2) [gkO^blx 

^-^G 2 : f2~*f2+ («/2) [gk0^ b ]y 
^~^G 3 ! f 3 -f3- (e/2) [g k 0^ b ]y 

[zj£#] 

$01/-7G 4 : f 4 -f 4 + (e/2) [gkO^blz 
^-^G 5 : f 5— f 5- (e/2) [gkO^blz 

e/2) [gkO^x \,z y &-7u-A<Dwm<vwmw.*&~g.-rz>z.t 

[0 115] 
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[0 116] 

[0 117] 

[0 118] 

[0 119] 

[0 12 0] 
[0121] 

[0 12 2] 
[0 12 3] 
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[0124] 

r»ML, M^tBSI5 2 l* t «&ffiL^:l»»fcO^R|»«rWJt-r-5o 
[0125] 

btifzm&^n. « # urn i«ii4^t^^ 0 

[0 12 6] 

1 2 H^Tti, F e i s t e 1 #3£fUffl LTEI 1 6 <Z> «fc o * 

[0 12 7] 

Hi8f, 2 2iii, sftewafeaft-e^ao 2 2 2 W7)rt«t:^V>t 

, 2 2 2 1liS-box, 2222 ligNfeWHtflflJ-e* * o k i~ k r ii, ftffi fR 
[0 12 8] 

mi 8o»*o±»*^, m&f&tbffi2 l^tttbL^rai^fi^A^^tL, mi 

[0 12 9] 
[0 13 0] 
[0131] 

P^mtl # tfHffl LgR 2 2 <7)ftH L fc<&l£IW8fcfc, 

ff= (X, Y, Z) = (sin© -cosO, sin© • sin<I>, cos©) 
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[0 13 2] 

[0133] 

-co£-j&P*91&<7)*-=e h n°-^b (ff){±, 

b(ff)= (1/4 tt) f tf*de f o*df ff • dff/d e X 3ff/8 <f> 

[0 13 4] 

i>t<Dmm^mB±<7)mfrxm-ft, h e-^b (ffm, 

b(ff) = (1/4 n-) /o W d^ /o H dy ff * 3ff/3xX Bii/By 
[0 13 5] 

m%<Dwm-&^x, B\*n.%L'£mx*3bz>frb, ^m^&if&mfrnm-z 

t?-^b. (ff) tt, 

b (ff) =(1/4 ir WH) 2 x «o W_1 2 y -0 H - 1 ff • A x ff X A y ff (3) 

[0 13 6] 

A x ff (x,y)=ff(x+l,y)- ff(x,y) ( x =#=W- 1 <£> £ §0 

A x ff (x,y)=ff(0,y)- ff(W-l,y) (x=W-l<7)^) 

A y ff (x,y)=ff(x,y+l)- ff(x,y) ( x =# H - 1 O §) 

Ayff (x,y)=ff(x, 0)- ff(x.H-l) (x=H-l©tl) 

fcis, 2 x= o w -l^x=Oi:W-l(ilt;fn<^|EH^x=0~W-l-e^^ £ <h ^^Ltv>^ 0 
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[0 13 7] 

o 

[0 13 8] 
[0 13 9] 

H l «9$i^ftlf§R 2 3 1(4, JilfiOxTjft^i^ (M53~) £ftJtU f£2<7>$£ 
^ft^2 3 2(4, ±ffi^y7jftc0$i^ (Mfr) ^ft»-T^o n« ft#^ 2 3 3 
(4, >in^2oco^ <7>*M*£if*U I*l«St^2 3 4(4, ^Ortfft 

[0 14 0] 

(4\ 4^(07 U-AZmffi^WlfcLX Ztl%%im±<7) l 7U-AU^Ltj!lI 

(d<7>}t£\ 2 4 g $co7i/-A£& i:H^S-r^>>r ^, l 

r^s-r^^vi (-<7)±§£\ 6 g /4^<7)-7i/-A^^ tcw^;^:^^. 

[0141] 

*>^, #9-Mft^&M^f^&&o -<7)*§^(4, i^ax.{4\ m®(Dgfa<n 

m m<D& <D Y^^y^-y°GQ, >X<D g ttO ® fEcofe O Y J&5^ £ ^ - 7° G i , 
ft^to gft<7)®^^feOUit^^^^--7 <> G2, #COgt!coiias<£>fe<£>Uj£55' ! £r 
^^-■7°G3, ft^OgtjC<7)llS^'fe^V^:^^^^--7 0 G4, -^O g$CO|Ii|f<7) 

-A(7)^<0^^ ? M#gO^*;W-7^C«t"^^^^i6^i6Tiott(4\ ^OJ: o & 
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[0 14 2] 
[0 14 3] 

[0144] 
[0 14 5] 



[0 14 6] 

[0 14 7] 

[0 14 8] 
[0 14 9] 

B ft <7> * *#ifi; o^J <9 # 0 -C * £ tc (i , £ t> ft Ji SSIS tf>»53HI^ o i£9 
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& J: ■? n-e§ & c 

[0 15 0] 
[0 1 5 1 1 

ffMfi, jtfeco^r-V TV-Fit 9 fr* >7->yizHLXiimmBSt&-c$>&o «itf 
> ^^fy^^>f>7i:oKli, ^ 2 0 0 2 - 1 4 2 0 9 41: 

[0 1 5 2 J 

[0 15 3] 

[0 15 4] 

h kf-g£ (07C) VXWK-mA (invariant) t Itli, ffiUl* 
, *tny-S, n^ny-p, <£>&v>(2, ^ HUfUljott&S t ief e 
1 -Wh i t n e yi, fhernl, Pontryagi nli: V>c>£:#ffill 
(characteristic c 1 a s s ) N #j&ffc05 E u 1 e r ffc % }gtfc 
( i n d e x) (signature), IS^i:Mt^A 1 e x a n 

d e r ^fl, *&v»li, l«CMt^M i lno r^»&t\ |-t<7)^ 

[0 15 5] 

h fcf-ffTNi^ Gauss-Bonnet OtlCiot 

#*<btl&«#£fflv>£75*\ Cher nig& ^«0#14«<7)*l^^(i, tajxJf, A 
t iyah-Singe r «ffl J 4i^t^^fflv^ ^ ^ ? t^ 0 Ztl 
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[0 15 6] 
[0 15 7] 

^77^x7 -C^ili" £ it , ioT7'D^7A^tILt 

ttz, *§£mzmLtzm^m*Lm&mwzmm-tz>m&. &z>^i±m^m 

Lll^g (&&w(£-7°n^A) <h®iSi^U£th£ie (*^.v>li7n^'7A 
) Cilot, ra— m®u^-$Z>-?u y 9 i> L < li^ya-;K:ov^(± 1 ttzlt 

mMm.<Dfrmn.Lx%>^x^ tK^r^^^xucn^^-x^-t^ (m^m-t 
) £ t *>mtxhz>o 

[0158]-. 
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[0 15 9] 

£#i^-r & m w<v i><Dxn%<, ®m l tzm$L(n>-u*%<n t><nxm.^z-tz*) 
l ?t , -e- ti h * m.& &t>-&tz <o -t & z. t & t~ k x o xn h n z> su onus & ^xts 
izmm * ^ ogu onus, l fcflus^ssas t f&stfj * su & 

c t & < 3&iw £ Jft £ £ tfx § * <7)-c* * 0 

[0160] , 
[0161] 

*!&WtCj:tLlf, St i rMa r k #C^D - A - D -^J&& ifOjg^fW^ 
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[12] [^^»^^^^>«^it^La^aofli^j^^i-ii 
[ m 4 ] iwj mmm \z % & m^m. a» l & m & « <7>«i£ta * ati- la 

[HI 5] I^^M^J;^^«T-^^L|tm^fioM¥JiH<7>-^!l^^i--7 

I m 6 ] ^ mm k & v > x aaa^m & 2 -kimm t m -u-r z * m 

[E19] mnn%m^&i<iz>mm^mx<Difcmm n x<d 1 mtim^mx 
m 1 0] mmm^m^ioif^mmmmx^mm 0 x<d lmttm^m 
[mil] mnMMm^&ifz>mm^mx<7)mmm «9 -co litw^r^ 

[mi 2] i5]»BE^ci3tt^>&i&^ra-eo#iij§i^-e(7)i it^w 
"Co^m 19 -eo 1 ^imtJS^ra-r&T^om 

/ctfxom 

[HI 1 4 ] l^^»^Jli3{t^)^1f^^*o'<a§^ML^o^T^ 

[mi 5] pj^w^^^^m^-^i^ Ls^so^s¥)m<^-f!j^^-r 

7n-ft- h 

[mi 6] i^^w^j^^Biii5:a#fi^<7)#^j^^-rm 
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[017] m&m&mz&t&tt&fr Ltaigiofei#0w-w^t 

[119] HI&Htf&SlK'ffi*** h t°-^ff^(7)tf«!|^^i-[a 

[if-s^m^l 

1 2 sis-tras, 1 3-r4ti*Mi, 2 1 •••ra&tfcmsB, 

2 2 -KStfi^Hf^LSIS, 2 3-*th tf-StHtSP, 1 2 1, 1 2 2 2, 2 

2 1, 2 2 2 2 -^HtiUftMfn, 1221, 2 2 2 1- S-box, 231 

1 <r>mft$tfim. 2 3 2 2 <D'i%fr$iWU. 2 3 3-^f»ft»^, 2 3 4-1*1 

mmu. 2 3 5-«^w-jna$ 
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[HI] 



ftflttt Lit $8 
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□ > 7- > ^ 
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Mffitt 
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[0 3] 



[04] 



CZEZD 



— S1 



S2 



S3 



-S5 



A 





■< 
















V 

23 




I 

22 




21 
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[05] 



( 








r 






— S11 




r 






~S12 




r 






~S13 








^jot&^jsts** he-is* 
stir-*- a 


* o I 










— S15 


( - 


- ) 
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[07] 




mft YJ&# Zf&ft 
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[!H9] 
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[HI 2] 




(a) (b) 
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im 1 5] 



CEEED 



I 



«H»timr* 



S24-1 



S»a***iiHftt 

ai^r* 



— S21 



S22 



— S23 



S24-2 



7 l/-A3i>6 

Y*««t«»jac 



S24-3 



7 u - a #» e> 
zdc#ts«>&fc 



S25 
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m 1 7] 



{ 

&mttmwi%. mm 



S31 



S32-1 



S32-2 



7 U — /x*> v 6j3c 
1X3 



I 



S32-3 



j 



— S33 



3 



S34 



S35 
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1 9] 



^(D'foftEtM —231 



234 

I 



232 



233 



fS^ttWSB —235 
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[I£M] St i rMa r k - A - D & 

=r>T->'7tC^^L'|ff^^ffii6&tf«Tii^La^ei ti, S 

f££il46&£ tLTt: n > -r > -7 tiiftiii&K- 3 fcSEii-f £ 0 ^ >x > y frhj&fr Ltf 

[ii^mi u i 
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